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Horus is an olpiid pseudoscorpion of which nine species have been described from southern
Africa; a tenth, debatable species was described from the Ivory Coast. The two most widely
distributed species are H. granulatus and H. obscurus, the former occurring especially in the
west and the other in the east, but their distributions overlap; in two instances they have been
recorded from the same site. All species have a preference for rock outcrops, which are largely
disjunct, and their regular prey comprises small ant species. Fieldwork over a period of 15
years indicated a very low dispersal rate; therefore one would expect localized ‘island’ popula-
tions rather than widely dispersed species. This means that the current species delimitations
which lump geographically widespread populations may be incorrect. Mitochondrial DNA of
specimens from each of 20 different localities across South Africa were analysed to test the
hypothesis. Five of these localities did not yield results, but 14 yielded DNA from specimens
which proved to belong to Horus and a fifteenth turned out to be a misidentified pseudoscorpi-
on unrelated to Horus. The results were unequivocal: populations from each locality or group
of closely-spaced localities were genetically distinct from any other one tested, and the greater
the distance between localities, the greater the genetic differences (i.e. significant isolation by
distance). This means that the current species delimitations for Horus are incorrect. It will
require detailed micro-anatomical study to identify new characteristics on which species
delimitations can be based in future.
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INTRODUCTION
Pseudoscorpions (Arachnida: Pseudoscorpiones)
comprise a diverse and ancient group of some
3300 described species (Harvey 2011). They date
back to the oldest known fossil (Dracochela
deprehendor) from the Paleozoic (374–380 Mya),
which shares some features with living species of
the superfamily Chthonioidea. Several species have
been described from the Eocene and Oligocene
periods of the Cainozoic, including one extinct
species of the family Olpiidae, which includes the
genus Horus (Harvey 2011).
Ten species have been described to date for
Horus, of which nine occur in southern Africa
(Harvey 2011); the tenth species from the Ivory
Coast is very doubtfully assigned to the genus
(M. Judson, pers. comm.).
It should be noted that the study of South African
pseudoscorpions has been much neglected –very
little is known about their behaviour and ecology.
This can be attributed to the fact that very few are
of economic importance. Field observations by
the first author revealed that Horus is positively
thigmotactic and almost exclusively associated
with rocks – records from termite nests and under
the bark of trees are rare exceptions. At Prieska and
Nooitgedacht, near Barkly West, they were found
under rocks; at Bothaville and Mount Moorosi,
Lesotho, they occur under sandstone flakes, at
Bloemhof under flaking dolerite, and in the
Beaufort Series of the Karoo Supergroup in mud-
stone cracks. Population densities can be quite
high: at Mooifontein, Bothaville, nine specimens
were found under a sandstone sliver measuring
6 × 15 cm; at Burgersdorp and Smitskraal, Fort
Beaufort they occur in the tiny mudstone cracks
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where up to 20 specimens can be found in
a cubic decimetre. Their usual prey is small
ants such as Linepithema humile (the Argentine
ant), remains of which are often found near their
silk retreats.
Many pseudoscorpion species employ phoresy
(transportation by members of other species, such
as bees, beetles and flies) to colonize new localities,
but field observations indicate that this is limited
or even non-existent in Horus. Essentially this is
because of their specific habitat preferences, the
abundance of suitable prey and the absence of
suitable phoresy agents. Given such low vagility,
and predicted low gene flow, we anticipate that
geographically widespread populations of species
of Horus should display notable genetic differenti-
ation. Here we test this hypothesis based on analyses
of mitochondrial DNA sequences from the ‘bar-
code’ gene, cytochrome oxidase subunit I (COI)
from 49 specimens obtained from 15 localities in
South Africa. Specimens from many of these
localities were previously identified as Horus
obscurus (Tullgren 1907a,b).
METHODS
Multiple specimens from 20 different localities
were submitted for mitochondrial DNA analysis,
but only those from 15 localities yielded reliable
results, and one of these proved to belong to a
different family. Their details are given in Table 1.
DNA extraction, amplification and sequencing
Total genomic DNA was extracted from each
individual using the 2×CTAB protocol described
previously (Zeh et al. 1992). A »450 bp fragment of
the mitochondrial cytochrome oxidase subunit 1
(COI) gene was amplified using a degenerate
version of the primer C1-J-1751 (alias Ron)
(5’-GGAKCACCTGATATAGCATTYCC-3’) and the
primer C1-N-2191 (alias Nancy) (5’-CCCGGTAA
RATTAAAATATAAACTTC-3’) (Simon et al. 1994).
The 25µl polymerase chain reaction (PCR) mix
contained »10 ng of genomic DNA, 10 x Bioline
NH4buffer, 1.5 mM MgCl2, 250 µM of each dNTPs
and 0.5 units BioTaq DNA polymerase (Bioline).
PCR amplification conditions involved an initial
5 min melting step at 95°C, followed by 35 itera-
tions of the following cycle: 95°C for 60 s, 50°C for
120 s (no cyclic extension at 72°C were included),
with a final 10 min extension at 72°C. PCR products
were evaluated using a 1% agarose gel (Gibco-
BRL) stained with ethidium bromide. Successfully
amplified products were purified using the GFX
PCR & Gel band purification kit (GE Healthcare
Life Sciences). BigDye® sequencing reactions were
performed in 10 µl reaction volumes using
50–100 ng of purified PCR product. Unincorpo-
rated dye terminators were removed using
Centri-Sep columns (Princeton Separations) prior
to electrophoresis using an ABI 3730XL Genetic
analyser, according to the manufacturer’s protocols
(Applied Biosystems).
Phylogenetic, dating and population genetic analyses
Individual DNA sequences were trimmed to
remove low-quality data as well as the primer
sequences at the end of the sequence. The forward
and reverse sequences for each individual were
aligned and a consensus sequence was created for
each individual using BioEdit (Hall 1999). These
consensus sequences for all individuals were
aligned using the same software and the align-
ments were saved in MEGA format. Phylogenetic
analyses were conducted using MEGA version 5
(Tamura et al 2011) and PAUP* version 4.0b10
(Swofford 2002) and BEAST version 1.4 (Drummond
& Rambaut 2006a). Trees based on 217 bp CO1
sequences (for 34 unique haplotypes) were
constructed using neighbour-joining, maximum
likelihood and Bayesian methods. As outgroup we
used Lustrochernes consocius (superfamily Cheli-
feroidea); in Harvey’s (2011) classification this
superfamily together with Sternophoroidea form
a sister group with Olpioidea and Garypoidea.
Neighbour-joining and maximum likelihood
methods were based on the T92 (Tamura 3-para-
meter)+G model of nucleotide substitution which
was selected as optimal based on having the
lowest Bayesian Information Criteria (BIC) values,
using MEGA version 5. Pairwise genetic distances
were calculated both for the K2P (Kimura
2-parameter) and T92-adjusted values. The former
was included for comparison as it has often been
used in the literature.
Distances were converted to approximate dates
based on the divergence rate of 2.3% for arthropod
mitochondrial DNA given by Zeh et al. (2003). To
independently estimate divergence dates and to
produce a chronogram (Bayesian phylogram
with time axis), we used a Bayesian approach
assuming a relaxed molecular clock and allowing
the programme to estimate mutation rates, given a
tree height of 380 Myr, based on the oldest known
fossil as mentioned above (we specified a nor-
mally-distributed prior with mean of 380 Myr and
standard deviation of 50 Myr). The standard devi-
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ation of 50 Myr represents a coefficient of variation
of about 13% of the mean which was considered to
be conservative given the uncertainty inherent in
fossil dating. A relaxed clock was used since a Like-
lihood Ratio Test demonstrated a significant
increase in –lnL (likelihood) values when a strict
clock was enforced, compared with the null
hypothesis where it was not enforced. Bayesian
analysis (two independent MCMC chains, each
with length 10 × 106, sampled every 1000 itera-
tions with burn-in of 500 000) was used to estimate
mean and 95% confidence limits of nodal dates,
assuming the GTR substitution model (since this
model was shown to have the lowest AIC values).
The analysis was achieved using the program
BEAST, version 1.4 (Drummond & Rambaut
2006a) in conjunction with the programs BEAUti,
version 1.4 (Drummond & Rambaut 2006b) and
TRACER, version 1.3 (Rambaut & Drummond
2005). ESS values in Tracer were acceptably high,
exceeding 200 for all parameters estimated by the
Bayesian analysis. The programme TreeAnnotator
version 1.5.4 (Rambaut & Drummond 2011a) was
used to derive a single maximum Clade credibility
tree from the final trees saved by BEAST (combin-
ing results from both MCMC chains first using
LogCombiner version 1.5.4; Rambaut & Drummond
2011b). The tree was visualized in Figtree version
1.3.1 (Rambaut 2009). Since it differed very little in
topology compared with the neighbor-joining,
maximum likelihood and parsimony trees, we
presented only the Bayesian phylogram.
To test for isolation by distance in the most geo-
graphically widespread clade recovered from the
phylogenetic analyses (Clade A in Fig. 2), we used
the AMOVA (Analysis of Molecular Variance)
routine in Arlequin 3.0 (Excoffier et al. 2005), with
1000 permutations to test for population differen-
tiation between 14 populations of Horus. We also
used Arlequin 3.0 to calculate ST values between
all pairs of populations, and then conducted a
Mantel test of matrix correlation between genetic
(ST) and geographic distances (calculated manu-
ally from a digital South African map using the
distance tool in ArcView 3.2a). Significance of the




Thirty-three unique haplotypes of Horus were
obtained from 49 individuals. Of these, 24 com-
prised single individuals, five comprised two
individuals, two comprised three individuals, and
one each comprised four and five individuals. In
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Table 1. Details of collecting localities, specimens and numbers of haplotype. Specimens from locality numbers 005,
006, 007, 015 and 017 did not yield any results.
Locality Locality code No. of No. of District Locality Deg South Deg East
number (Fig. 1) specimens haplotypes
C001 PR 6 5 Prieska Redlands 28.71425 22.81214
C002 GR 5 1 Graaff-Reinet Vredehoek 31.99856 24.91267
C003 GM 5 5 Grahamstown Kranzdrift 33.17278 24.40253
C004 GR 4 1 Graaff-Reinet Tweefontein 32.04619 24.83900
C005 5 Burgersdorp Town 30.99011 26.33261
C006 3 Graaff-Reinet Vredehoek 31.99539 24.92019
C007 2 Cradock N10 Middelburg 31.85775 25.38039
C008 BW 9 9 Barkley West Nooitgedacht 28.59972 24.61169
C009 BT 5 5 Bothaville Johannes Hoop 27.40272 26.61725
C010 GM 2 2 Fort Beaufort Bryanston 32.80461 26.61139
C011 GR 3 1 Colesberg Roadside (N10) 31.28694 24.94936
C012 JG 4 1 Jagersfontein Locksfontein 29.69306 25.54128
C013 PR 6 3 Prieska Die Koppie 29.66831 22.75803
C014 HL 3 2 Hluhluwe Game Reserve 28.31233 31.78711
C015 3 Philippolis Komfontein 30.32453 25.19192
C016 GM 2 1 Grahamstown Carlisle Bridge 33.06233 26.22497
C017 2 Petrusburg N8 Bfn-Kby 29.11347 25.34656
C018 SP 3 2 Soutpan On Road no. R700 28.71022 26.09061
C019 GM 5 5 Riebeek East Signal Kop 33.13714 26.17986
C020 PR 6 5 Prieska (PR) Commonage 29.67361 22.72014
all cases but one, multiple individuals sharing
haplotypes originated from the same collecting
locality. The exception was Haplotype 6 which
comprised two individuals from two very closely-
spaced localities (8 km apart) in the Graaff-Reinet
region.
Phylogeny and dating
Two deeply-divided clades (labelled A and B),
separated by K2P genetic distances of 34.3–39.3%
were recovered (Figs 1 & 2; Table 2). Notably, these
distances were equivalent to those obtained
between the outgroup genus, Lustrochermes and
Horus (K2P distances 24.2–35.7%). Both clades
were present in the Grassland Biome of the Free
State Province although one (Clade B) was con-
fined to the Free State (Soutpan), and the other
(Clade A) was geographically widespread, encom-
passing 14 localities from Savanna, Nama Karoo,
Grassland and Albany Thicket Biomes from
KwaZulu-Natal and the Free State to Northern
Cape and Eastern Cape Provinces (Fig. 1). As the
widespread clade included five sequences from
the type locality of H. obscurus from Bothaville in
the Free State (Van Heerden et al. 2006) this clade
can be regarded as H. obscurus sensu stricto, and the
other Clade is probably a geogarypid, which is
genetically closer to Lustrochernes (24.2%) than
to Horus (34.3–39.3%; Table 2). The broad ecological
amplitude of Clade A indicated above, taken
together with the extremely low dispersal rates in
this group, makes it unlikely that these popula-
tions span a single species, as discussed below.
Subclades identified within the H. obscurus
clade (Clade A) were strongly differentiated by
K2P distances of 12.5–18.6%, equivalent to diver-
gence times of 5.5– 8.1 Mya based on simple calcu-
lations based on 23.0% divergence (Table 2), or
2.2–14.4 Mya based on BEAST analyses (Fig. 2).
Populations were strongly differentiated with
>90% of molecular variance distributed between
populations (ST = 0.902, with 13 and 46 degrees of
freedom, P < 0.001). The Mantel correlation test
confirmed that genetic (ST) and geographical
distances within Clade A were significantly corre-
lated (r = 0.36, P = 0.002), suggesting a significant
role for isolation by distance. Given the low dispersal
distances of these peudoscorpions and the appar-
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Fig. 1.Map showing distribution of localities of Horus in South Africa.Abbreviations of locality names are explained in
Table 1. Squares indicate localities grouped under Clade A (Horus) in Fig. 2 while the star represents a misidentified
taxon from Soutpan (Clade B in Fig. 2). Numbers in brackets represent locality numbers in Table 1.
ent absence of phoresy in Horus, the existence of
significant isolation by distance suggests that indi-
viduals use a very slow stepping stone mode of
dispersal, probably using river beds and taking
millions of years to move dozens to hundreds of
kilometres. For example, considering the three
grouped localities in Fig. 1 (PR, GR, GM) contain-
ing three to four closely spaced localities (all
within 100 km of each other), the deepest diver-
gence between haplotypes from different locali-
ties within these groups ranges from 2.4 Myr (PR)
to 3.0 Myr (GM). On the other hand divergence
between locality-groups, which are geographi-
cally separated by distances of approximately
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Fig. 2. Bayesian phylogram (obtained with BEAST) scaled to time (Mya) for 31 COI haplotypes (217 base pairs) of
Horus (Clade A) and two of a misidentified taxon from Soutpan (Clade B). Bars represent 95% confidence limits on
date estimates. The tree was rooted using a sequence (Haplotype 34) from Lustrochernes consocius (Wilcox et al.
1997). Values above nodes represent divergence time (Mya); stars below nodes indicate posterior values >0.95.
Abbreviations and branch label numbers correspond to grouped locality names and individual locality numbers
respectively as explained in Table 1 and Fig. 1.
200–2000 km, range from 2.2 Myr to 14.4 Myr
(Fig. 2).
On the basis of its original description, Horus
obscurus (Tullgren 1907a,b) has been reported from
virtually the whole of southern Africa, from
Bowieskop in Namaqualand in the west to
Hluhluwe in the east, and from Pafuri in the north
to Bushman’s River in the south. Field observa-
tions, such as high population densities in places
and no occupation of suitable, adjoining areas,
suggested that the dispersal rate in Horus is very
low, particularly in view of the absence of suit-
able phoresy agents. This low dispersal rate has
now been confirmed by the DNA analysis.
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Table 2. Pairwise genetic distances between major clades of Horus spp., a geogarypid clade (Geogarypus sp.? from
Soutpan) and another outgroup, the chernetid Lustrochernes consocius. Population codes as follows (see Table 1,
Fig. 1):BT = Bothaville (population 9 in Table 1, Fig. 1);BW = Barkly West (population 8);GM = Grahamstown (popula-
tions 3, 10, 16, 19); HL = Hluhluwe (population 14); GR = Graaff-Reinet (populations 2, 4, 11); JG (population 12);
PR = Prieska (populations 1, 13, 20); SP = Soutpan (population 18). Distances were calculated among all individuals
from 452 nucleotide sites and corrected for multiple hits using either Kimura’s 2-parameter model (K2P) or a maximum
likelihood (T92+G) substitution model (see Results).Approximate divergence times (Mya) are based on a divergence
rate of 2.3% per Ma calculated for arthropod mtDNA (Brower 1994).
Comparison K2P distance Divergence (Myr) T92+G distance Divergence (Myr)
Lineage 1 Lineage 2 Mean S. E. Mean S.E. Mean S. E. Mean S.E.
PR GR 0.138 0.016 6.006 0.711 0.155 0.022 6.724 0.962
PR GM 0.144 0.016 6.253 0.711 0.162 0.023 7.049 0.992
GR GM 0.135 0.016 5.891 0.702 0.153 0.022 6.652 0.937
PR BW 0.147 0.017 6.386 0.745 0.165 0.023 7.173 1.012
GR BW 0.157 0.019 6.848 0.834 0.179 0.026 7.802 1.144
GM BW 0.150 0.018 6.537 0.794 0.171 0.025 7.420 1.067
PR BT 0.133 0.017 5.786 0.733 0.149 0.022 6.470 0.975
GR BT 0.164 0.020 7.135 0.860 0.188 0.027 8.162 1.186
GM BT 0.138 0.018 6.008 0.761 0.157 0.023 6.808 0.998
BW BT 0.161 0.020 7.018 0.879 0.185 0.028 8.061 1.235
PR JG 0.168 0.019 7.321 0.824 0.193 0.026 8.405 1.149
GR JG 0.159 0.019 6.895 0.829 0.181 0.026 7.848 1.110
GM JG 0.149 0.018 6.459 0.776 0.167 0.023 7.279 1.014
BW JG 0.125 0.018 5.447 0.775 0.139 0.022 6.035 0.969
BT JG 0.163 0.020 7.081 0.878 0.186 0.027 8.069 1.189
PR HL 0.177 0.020 7.690 0.872 0.204 0.029 8.867 1.267
GR HL 0.186 0.021 8.074 0.895 0.215 0.030 9.361 1.297
GM HL 0.166 0.019 7.226 0.826 0.191 0.026 8.300 1.142
BW HL 0.140 0.019 6.079 0.805 0.156 0.024 6.793 1.046
BT HL 0.176 0.022 7.669 0.976 0.204 0.031 8.480 1.327
JG HL 0.147 0.020 6.382 0.873 0.166 0.025 7.215 1.088
PR SP 0.370 0.032 16.084 1.389 0.493 0.057 21.420 2.497
GR SP 0.378 0.033 16.432 1.428 0.506 0.060 22.000 2.602
GM SP 0.366 0.031 15.892 1.343 0.485 0.053 21.073 2.319
BW SP 0.343 0.030 14.909 1.319 0.447 0.052 19.425 2.241
BT SP 0.358 0.031 15.583 1.345 0.473 0.054 20.551 2.341
JG SP 0.343 0.029 14.933 1.262 0.448 0.052 19.466 2.259
HL SP 0.393 0.033 17.087 1.435 0.533 0.062 23.184 2.685
PR Lustrochernes 0.358 0.032 15.573 1.374 0.472 0.055 20.510 2.391
GR Lustrochernes 0.363 0.032 15.774 1.386 0.480 0.058 20.858 2.529
GM Lustrochernes 0.352 0.031 15.309 1.338 0.462 0.053 20.100 2.300
BW Lustrochernes 0.334 0.030 14.515 1.313 0.433 0.052 18.839 2.268
BT Lustrochernes 0.356 0.033 15.467 1.424 0.468 0.057 20.369 2.471
JG Lustrochernes 0.352 0.030 15.309 1.315 0.462 0.056 20.106 2.453
HL Lustrochernes 0.351 0.032 15.256 1.382 0.461 0.056 20.031 2.426
SP Lustrochernes 0.242 0.027 10.530 1.160 0.292 0.039 12.701 1.712
The genetic differentiation between species
used in this study is extremely old – at least 2.2 mil-
lion years, which is more or less the number of
generations which separates them. Horus species
show a preference for cracks in rocks (mudstones,
shales or under slivers of sandstone) and it is
reasonable to assume that suitable rock exposures
in geological history served as distribution ave-
nues. The main avenues were probably river banks,
which opened and closed as the rivers changed
their courses through time. Throughout the geo-
logical Karoo there are patches of suitable rock
formations for occupation by Horus, and these
have ephemeral connections to the rivers, which
also shift with time. The result is a large number of
‘rock islands’. It is apparent that Horus does not
employ phoresy, at least not as a general dispersal
strategy, therefore dispersal from one ‘island’ to
the next would only be through an occasional
‘bridge’ created by a new exposure of suitable
rock. The fine cracks in one cubic decimetre of
mudstone or shale can provide accommodation
for up to twenty or twenty-five specimens, hence
an exposure of 100 square meters of suitable rock
(which the first author noted in many localities)
would potentially be home to thousands of speci-
mens. They feed on small ants, so there is no real
pressure to move around, except for purposes of
mating.
In the light of all this information, it is highly
unlikely that the identification of Horus species
from all sites in Table 2, except Bothaville (the type
locality), as H. obscurus is correct. In all likelihood
the source of error lies in the selection of the
morphological characteristics to define pseudo-
scorpions at the species level; these were initially
developed by Chamberlin (1930, 1931) and Beier
(1932). At least in Horus the selected characteristics
have no adaptive significance; this may also apply
to other genera. It will require a revision of our
species definitions, using a combination of
DNA data and micro-anatomical information.
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